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1. Motivation
While it is clear that the model-spread from different ra-
diative forcing agents is not in general additive, it is not
a priori clear how adding a solar reduction on top of the
changes from increased CO2 would be expected to affect
inter-model agreement. We extract several quotes below to
illustrate that the result is not self-evident:
FromMcCusker et al. [2012]: “. . . the uncertainties of geo-
engineering are layered on top of those of global warming,
compounding them.”
From Ehrlich and Beattie [2013]: “There are three basic
problems with all forms of geoengineering. One is the enor-
mous difficulty of predicting its results. . . . The uncer-
tainty of the results of humanity’s current massive climatic
experiment is enough to convince us that a brand new ma-
nipulation, loaded on top of today’s increasing climate ex-
tremes, would not be a clever move.”
And from Amelung et al. [2012]: “Any deployment of
SRM would thus entail the interplay of significantly high lev-
els of [greenhouse gas] concentrations together with the need
for continuous intervention to preserve moderate tempera-
tures – an unprecedented climatic state with uncertain con-
sequences for circulation patterns and hence local weather
and regional climate conditions.”
Our conclusions here suggest that, while the state with
SRM may indeed be unprecedented, the consequences may
be more certain (relative to model simulations, at least) than
the consequences with increased greenhouse gases alone.
These quotes illustrate that the idea that use of geoengi-
neering would necessarily increase uncertainty relative to
the case without geoengineering is a widespread, yet previ-
ously unvalidated presumption.
2. Methods
Some additional details behind the analysis in the main
paper are provided here. The GeoMIP models used here
are given in Table S1. We use the preindustrial control and
4×CO2 simulations from CMIP5, and the G1 simulation
from GeoMIP; G1 involved an instantaneous quadrupling
of CO2 simultaneously offset by a solar reduction Sj cho-
sen in each model to approximately balance global mean
temperature, as indicated in Table S1. For each model, we
compute the average over simulation years 11–50 for the
4×CO2 and G1 simulations, using multiple ensemble mem-
bers where available, and the average over all available years
for the preindustrial control simulation. This yields a set of
temperature responses, TPI, T4×CO2 and TG1, and similarly
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for precipitation. In addition, we compute for each model
and each region the standard deviation of interannual cli-
mate variability from the preindustrial control simulation,
σTPI and similarly for precipitation. The normalized tem-
perature response to CO2 is then
TCO2 =
T4×CO2 − TPI
σTPI
(S1)
The response to a solar reduction is scaled from the G1 ex-
periment:
TSR = α
TG1 − T4×CO2
σTPI
(S2)
where the value of α depends on the the two scaling cases
considered: either to give the same solar reduction in each
model, or re-scaling the solar reduction separately in each
model to the value that would balance the global mean tem-
perature rise from 4×CO2. These yield:
α =
(
4.2÷ Sj Case 1`
T4×CO2 − TPI
´
÷
`
TG1 − T4×CO2
´
Case 2
(S3)
where Sj is the solar reduction used for model j in G1
(Table S1), and T is the global-mean temperature. Pre-
cipitation responses are computed similarly, but we do not
consider the case of scaling the solar reduction to balance
the global mean precipitation increase from 4×CO2 but in-
stead scale precipitation responses with the same values of
α above.
The response to a combination of increased CO2 and val-
ues of solar reduction other than that used in G1 is derived
from available simulations assuming linearity in both tem-
perature and precipitation. For each such response and for
each location, Figures 1 and 2 in the main paper plot the
standard deviation s across the 12 GeoMIP models. Testing
whether this result is statistically significant follows from
one-way analysis of variance (ANOVA). That is, are the dif-
ferent models detectably different given “noisy” simulation
output used to estimate responses? Where available, the
ensemble average for a particular model is presented rather
than results from a single simulation. For simplicity, we con-
sider n = 40 years of model output for each of the m = 12
models; this makes the following analysis slightly conserva-
tive with regards to significance. With the normalization
in equations (S1) and (S2) above, each of the n ·m “mea-
surements” for any region has equal (unit) variance. In this
case, the ANOVA F -statistic simplifies to F = ns2, with
m− 1 degrees of freedom in the numerator and n(m− 1) in
the denominator. A value of s is statistically significant at
the 95% confidence level if F > 1.81 or s >
p
1.81/n. Areas
below this value are indicated by white shading in Figures 1
and 2, this value is shown as the dashed line in Figures S6
and S7.
3. Additional analyses
Figures 1–3 from the main paper can also be computed
without the normalization by the interannual standard de-
viation, so that the units of temperature and precipitation
1
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are degrees C and mm/day. This is shown in Figures S1–S3;
note that for these un-normalized figures, the level of differ-
ence between models that is statistically significant will vary
with the region and is not shown. Figure S4 reproduces Fig-
ure 3 in the main paper but using the same solar reduction in
each model rather than choosing the level of solar reduction
to balance global mean temperature in each model.
Averaging over the Giorgi regions [Giorgi and Francisco,
2000] shown in Figure S5 allows the results in Figures 1–
2 to be summarized by region as shown in Figures S6 and
S7. The dependence of model variation on the level of so-
lar reduction is plotted for each Giorgi region in Figure S8
for temperature and S9 for precipitation. Each panel shows
the full range across all 12 GeoMIP models as well as the
25-75th percentile range.
Finally, Figures S10, S11 and S12 show individual model
results for temperature change due respectively to 4×CO2,
a change in solar forcing, and the combination. Comparing
Figures S10 and S11 illustrates that, for example, models
with higher polar amplification in response to 4×CO2 also
exhibit higher polar amplification in response to solar forc-
ing.
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Table S1. Models participating in Geoengineering Model Intercomparison Project (GeoMIP) experiment G1. Column 1 shows the
model name. Column 2 shows the amount of solar reduction that was used in simulating GeoMIP experiment G1, and column 3 gives
the adjusted amount used here that balances the global mean temperature change from 4×CO2 in each model. The final column
gives a reference for each model. More details are given by Kravitz et al. [2013].
Solar Reduction Solar Reduction to
Model for G1 (%) balance 4×CO2 (%) Reference
BNU-ESM 3.8 4.3 Ji et al. [2014]
CanESM2 4.0 4.0 Arora et al. [2011]
CESM-CAM5.1-FV 4.7 4.5 Hurrell et al. [2013]
CCSM4 4.1 3.8 Gent et al. [2011]
EC-Earth 4.3 4.4 Hazeleger et al. [2011]
GISS-E2-R 4.5 4.0 Schmidt et al. [2014]
HadCM3 4.1 4.1 Gordon et al. [2000]
HadGEM2-ES 3.9 4.1 Collins et al. [2011]
IPSL-CM5A-LR 3.5 3.6 Dufresne et al. [2013]
MIROC-ESM 5.0 4.8 Watanabe et al. [2011]
MPI-ESM-LR 4.7 4.7 Giorgetta et al. [2013]
NorESM1-M 4.0 4.0 Alterskjær et al. [2012]
Figure S1. As in Figure 1 of the main paper, but without normalizing each variable by interannual variability. Units are
in Degrees C. Statistical significance cannot be directly inferred from this figure; see Figure 1.
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Figure S2. As in Figure 2 of the main paper, but without normalizing each variable by interannual variability. Units are
in mm/day.
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Figure S3. As in Figure 3 of the main paper, but without normalizing each variable by interannual variability; units are
degrees C and mm/day.
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Figure S4. As in Figure 3 of the main paper, but without re-scaling the solar reduction to correct for efficacy differences
between models.
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Figure S5. The 22 Giorgi regions considered in the following figures, from Giorgi and Francisco [2000].
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Figure S6. The standard deviation across 12 GeoMIP models of the predicted regional temperature (upper) and pre-
cipitation responses (lower), evaluated for 22 Giorgi regions and the global mean. See Figure S5 for definition of Giorgi
regions. Response cases are 4×CO2 (left-most bars), a 4.2% solar reduction (middle bars), and the combination (right-hand
bars). Temperature and precipitation in each region are normalized by the standard deviation of interannual variability.
Natural variability in model simulations limits our knowledge of model responses; the horizontal dashed line indicates
where estimated model differences are statistically significant.
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Figure S7. Similar to Figure S6, but for each variable and each region illustrating the standard deviation across the
models for a 4.2% solar reduction alone, due to both 4×CO2 and a 4.2% solar reduction (these two bars are the same as
in Fig. S6), and due to both 4×CO2 and the amount of solar reduction that balances global mean temperature in each
model. This last bar corresponds to correcting for differences in efficacy and illustrates the fraction of the solar-reduction
model-spread that is associated with regional differences not in common with CO2 forcing.
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Figure S8. For each Giorgi region, the spread of normalized model temperature responses as a function of the level of
solar reduction. For each level, the box indicates the 25–75th percentile range and the whiskers the range across all 12
models, with the all-model-mean given by the red bar.
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Figure S9. As Figure S8 but for precipitation.
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Figure S10. Annual-mean temperature change in response to 4×CO2 for each model; compare with Figure S11.
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Figure S11. Annual-mean temperature change in response to solar increase for each model; response to an increase shown
for ease of comparison with Figure S10. The solar change is scaled in each model to the value that matches the global
mean temperature change from 4×CO2 in that model.
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Figure S12. Annual-mean temperature change in response to the combination of 4×CO2 and a solar reduction for each
model; compare with Figures S10 and S11. The solar change is scaled in each model to the value that matches the global
mean temperature change from 4×CO2 in that model.
